Abstract: In this paper the design of an experimental sample of a portable electronic device for assessment of the basic parameters of the "Man-Clothes" System based on modern wireless microcontroller technology has been discussed and suggested. The mobile measuring system based on TI MSP430 microcontrollers to track the parameters of "smart clothes" has been presented.
Introduction
Digital technique and technology intensively enters all the spheres of human activity, and it is difficult to do without modern technologies even in ordinary (home) life. Ten years ago it was hard to imagine the effect of using the ordinary mobile phone. Today, this device can already be attributed to the multifunctional mini computing system. Therefore, it is rightly called a "smartphone". Regarding the latter, this idea has already been successfully used in the field of a "smart house". This allows to improve the quality and comfort of human living space much more, and moreover, to save the consumption of energy here, which will lead to preservation of the ecological situation. A further aspect of human activity are clothes. Here, the new digital technologies are introduced not so actively. This is due to several reasons. And one of the component parts of such a situation is the relatively weak presence of efficient, and at the same time energy low-consumption microcontrollers on the market. Recently, however, a new generation of microcontrollers has been presented by some leading companies that could easily pretend to be used as the base ones for devices in the field of "smart clothes". The authors have reviewed the microcontrollers of Texas Instruments Company, which, due to their circuitry and parameters, are suitable in this field of application.
Results and Discussion
The typical measurement system (Fig. 1 ) designed for storing, processing, control and visualization of "smart clothes" parameters consists of the following components: − Primary sensors of physical quantities (temperature, humidity, pressure, strain, etc.); − Analog devices for amplification, filtering and scaling of signals from the sensors; − Analog-to-digital and digital-to-analog converters; − Controlling microprocessors or microcontrollers (MC); − Interface for connection to the control computer (USB, Bluetooth, Wi-Fi); − Power supply system for analog and digital circuits [1] ; − Devices of information and visualization. For wearable electronics systems the increased requirements as to energy efficiency, ability to work from a single-polarity supply, a wide operating temperature range (especially for the rescue services and military uniforms) as well as a high ratio of the operational speed/power consumption are imposed on all the listed elements. These requirements were met a relatively long time ago for sensors and analog input devices, however, the digital components have only recently reached the required level of development.
The microcontrollers of Texas Instruments MSP430 series [2] should be considered one of the most energy-efficient solutions in the field of embedded microcontrollers. They are specially designed for applications with the ultra low-power consumptiom. They have a flexible clocking system, some lowpower modes, the ability to switch instantly to the active mode and have the intelligent autonomous peripherals, allowing achieving the ultra-low consumption and increasing the battery life greatly. The capacity of the lithium battery is sufficient to power the unit for 5 years.
Key features of this controller family are ( There are no special commands of addressing to the battery mode, memory or peripherals. This greatly improves the efficiency of the processor performance.
In addition, the MSP430 series Texas Instruments microcontrollers includes the products labeled "FR" in the title that indicates the use of ferroelectric random access memory (FRAM) instead of the normal flash memory. This type of memory device has several advantages: − Non-volatile (like a flash memory), when power is being switched off the data are stored; − High performance at RAM level. This allows to perform a "cold start" or an instant restart of the system with the "preset" parameters; − The number of read-write cycles is almost infinite (in fact, of the order of 10 15 write cycles). A prior erasure of the recorded data is not needed; − Energy efficiency is 3 times better than in case of the flash technology. Table 1 shows the comparative characteristics of FRAM, compared with the other types of memory.
And all the "intelligent" peripherals directly (without CPU involvement) write to the FRAM memory. What does this mean in practice? For example, the ADC results are written directly to the FRAM memory which allows to save the data, Rys. 3. MSPWare -Zaawansowany system łączący dobór platformy sprzętowej i programowej dla przyszłego zastosowania [3] and at system crash followed by rebooting (the watchdog timer is responsible for this), not to carry out the repetitive measurements. A wide range of both hardware and software development tools is available for system developers. To download and debug programs in MSP430 microcontroller only one flash emulator (FET), based on the MSP430 flash IC is required. USB and parallel ports are available to the user that allows conducting debugging at full speed, and modifying the contents of registers in real time. The embedded emulator (EEM) improves the debugging process. It allows up to 8 hardware breakpoints. It also includes a cycle counter, a clock rate control and a trace buffer. The software development tools include Code Composer Studio (with unlimited possibilities and a huge library of ready to use solutions), IDE Energia integrated development environment for Arduino compatible developments or MSPWare-Advanced system (Fig. 3) . To improve the energy efficiency there are separate optimizers such as EnergyTrace software.
The mobile measurement system for monitoring the "smart clothes" parameters was developed [4, 5] , making use of all the advantages of TI MSP430 microcontrollers.
The measurement system consists of deformation sensors 1-4, pressure sensors 5-8 and two combined temperature-humidity sensors 9, 10 (Fig. 4) . Due to the fact that sensors 1-8 are the resistive-and strain gauge ones, for their approval the bridge switching circuit is used. The sensors are divided into two groups and powered by the digital-to-analog converters (DAC). This allows adjusting their sensitivity within a very wide range.
Each sensor signal is fed to a programmable gain amplifier (PGA), and further to the input of the analog-to-digital converter (ADC). The digital code that is responsible for strain and pressure through digital insulators (TI ISO7341 and ISO7340) is supplied to the input of TI MSP430FR5969 microcontroller, and after pre-processing through USB interface to the host computer. The use of digital isolators (Fig. 5.) protects a man (on whom the sensors are fixed) from the accidental voltage contact. The level of protection is more than 5000 V. In addition, the galvanic isolation provides a significant reduction in noise from the digital part of the measurement system. The reading speed of measurement results changes with the use of the control program and can be within the range of 1-100 measurements per second for one channel.
Two combined temperature-humidity sensors (TI HDC1008), one of which is under the clothes, and the other outside, allow measuring the microclimatic conditions under the object of study, and controlling the air microcirculation.
If necessary, an unlimited increase in the number of measuring channels is possible using additional sensors (for example heart rate, blood pressure and oxygen saturation, etc.) within the range of one microcontroller. A similar problem can be solved by connecting of several described measurement systems to one computer (the number of controllers that can be connected by USB-bus simultaneously is almost unlimited). In future, the USB interface will be replaced by a wireless Wi-Fi and/or Bluetooth connection channel. The local accumulation of measurement results within the microcontroller (or SD Card) will be additionally implemented, which will significantly improve the prospects of using the system in the field conditions. Due to the fact, that power of TI MSP430 microcontrollers is more than enough for the measurement and processing of signals from the sensors, the realization of local WEB-server based on it is possible. This will allow monitoring of the system through the smartphone's web browser, tablet or smart watches. In addition, this solution will convert the "smart clothes" into the Internet of Things (IoT) device.
